Abstract. The nucleon and meson effective masses in the nonlinear Relativistic Mean-Field Theory (RMF) introducing a ω − ρ coupling is explored. It is shown that, in contrast to the usual Walecka model, not only the effective nucleon mass m ef f,N but also the effective ρ meson mass m ef f,ρ and the effective ω meson mass m ef f,ω are nucleon density dependent.
Introduction
Relativistic mean-field theory seems to be a powerful tool in describing various aspects of nuclear structure [1, 2, 3] . This theory provides an elegant and economical framework, in which properties of nuclear matter [4, 5] , finite nuclei and neutron star, as well as the dynamics of heavy-ion collisions, can be calculated. Compared to conventional nonrelativistic approaches, relativistic models explicitly include mesonic degrees of freedom and describe the nucleons as Dirac quasiparticles. Moreover, the spin-orbit interaction arises naturally from the Dirac-Lorenz structure of the effective Lagrangian. Nucleons interact in a relativistic covariant manner through the exchange of virtual mesons: the isoscalar scalar σ-meson, the isoscalar vector ω-meson, and the isovector vector ρ-meson. The model is based on the one-boson exchange description of the nucleon-nucleon interaction.
The effective meson mass in nuclear medium is one of the most interesting problems in intermediate energy physics.
Effective vector meson masses in nuclear medium.
The RMF theory is effective ones, as coupling constants are determined by the bulk properties of nuclear matter such as saturation density, binding energy, compressibility and the symmetry energy. The starting point is the effective Lagrangian density [6, 7] . The fields of the model RMF for σ, ω and ρ-mesons are denoted as ϕ, ω µ , ρ µ . The Lagrange density function for this model has the following form
where
The potential is given by
The potential function U(ϕ) possesses a polynomial form introduced by Boguta and Bodmer [8] in order to get a correct value of the compressibility K of nuclear matter at saturation density. The fermion fields are composed from protons, neutrons, electrons and neutrinos
The nucleon mass is denoted by M whereas m s , M ω , M ρ are masses assigned to the meson fields. The parameters entering the Lagrangian function (1) are the coupling constants g ω , g ρ , g σ (Table 2 ) and e 2 /4π = 1/137 for vector mesons and photon and the self-interacting coupling constants g 2 and g 3 , respectively. The Lagrangian includes also two nonlinear term 1 4
which affects remarkably on nucleons. The first term was proposed by Bodmer in order to achieve good agreement with the Dirac-Brückner [9] calculations at high densities.
The last term allow us to change the density dependence of the symmetry energy [10] . Thus coupling causes the change in the density dependence of the ρ field. This will modify the density dependence of the rho mean field (4) and this could change the neutron-skin thickness. This effect is observed in the Parity Radius Experiment (PREX) at the Jefferson Laboratory which aims to measure the neutron radius in 208 Pb via parity violating electron scattering [11] .
The Euler equation for Φ A = {ϕ, ω µ , ρ µ ,ψ} fields are
is the baryon current.
and
is the isospin current. The the Maxwell equations are
with the electric current
In the system we have conservation of baryon charge
and the electric charge
Finally, the last is the Dirac equation
The physical system is totally defined by the thermodynamic potential [12] 
where H is the Hamiltonian of the physical system
is a momentum connected to the field Φ A . The fields Φ A = {ϕ, ω µ , ρ µ ,ψ} denote all fields in the system. The averaged charges
can be obtained from the thermodynamic potential, of course they should be conserved.
In this paper we shall use the effective potential approach build using the Bogolubov inequality [13] (see more details in [14] )
Ω 0 is the thermodynamic potential of the trial system as effectively free quasiparticle system described by the Lagrange function
Similar to the general case
We decompose the Φ A field into two components, the effectively free quasiparticle field Φ A and the classical boson condensate ξ A
In the case of the RMF model we have The ξ A = {σ, w, r} field will be treated as the variational parameters in the effective potential. Also the boson and fermion mass m B , m F will be treated as as the variational parameters. The covariant derivative for the trial system is
This introduce the homogenous fermion interaction with boson condensate w µ , r a µ . The fermion quasiparticle will obey the Dirac equation
with respect to the trial system L 0 gives
In the global homogeneous equilibrium the free energy reaches the minimum at σ. The nucleon effective mass m ef f,N dependence on the baryon density n B is presented on the Fig. 1 . The meson effective mass is presented in Fig. 2 . The density of the symmetry energy ε s = E s /n B can be calculated by taking into account the role of the ρ meson field in the energy of the system The static homogeneous solution for ρ field
is presented in Fig. 4 . The symmetry energy
is no longer linear with baryon density n B . The linear ε s dependence with respect tp the baryon density n B was a subject of criticism [15] of the RMF approach. The static nonhomogeneous nuclear matter configuration may be generated from the Euler-Lagrange equations (9, 12, 10, 15) making the quantum average of these equations with respect to the effective quasiparticle system (H 0 generated by L 0 (m ef f )). In the case of the spherical symmetric nuclei the Klein-Gordon equations are
where the effective potential for the scalar meson is
The Dirac equation for the nucleons is
The fermion quasiparticles feels the potentials:
In the non-honomegenous nuclear matter distribution the effective masses are spatial dependent and act rather like external potentials. The self-consistent equations (31, 32, 33, 34), namely the Dirac equation with potential terms for the nucleons and the Klein-Gordon type equations with sources for the mesons and the photon are base of numerical description of nuclei [16] . The simplified solutions (cf. Fig. 5 and Fig.3 ) can be used assuming the Fermi shape with the neutron and proton [10] . Spherical symmetry ω and ρ mesons solution for the 208 Pb nucleus are presented in Fig. 5 and Fig. 6 . The static homogeneous solution for the ρ meson field feels drastically growing its effective mass when the ω − ρ coupling takes place Λ v = 0. It is lower inside the the 208 Pb nucleus (cf. (Fig. 6) ).
Conclusions
Taking into account the additional ω − ρ interaction (the coupling constant Λ v = 0) the selfconsistent equations for vector mesons were obtained. The nucleon and scalar selfinteraction generates different from zero expectation value of scalar field and effective nucleon mass m ef f,N . The mutual interactions of vector meson fields give as a result the effective meson masses m ef f,ω and m ef f,ρ .
